We investigate the analytical properties of time-of-flight (TOF) positron emission tomography (PET) sinograms, where the data are modeled as line integrals weighted by a spatially invariant TOF kernel. First, we investigate the Fourier transform properties of 2D TOF data and extend the 'bow-tie' property of the 2D Radon transform to the time-of-flight case. Second, we describe a new exact Fourier rebinning method, TOF-FOREX, based on the Fourier transform in the time-of-flight variable. We then combine TOF-FOREX rebinning with a direct extension of the projection slice theorem to TOF data, to perform fast 3D TOF PET image reconstruction. Finally, we illustrate these properties using simulated data.
Introduction
It has long been known that time-of-flight (TOF) information can be used to improve image quality in PET. While TOF systems were first developed more than 20 years ago (Mullani et al 1981 , Ter-Pogossian et al 1982 , Gariod et al 1982 The TOF measurement is the difference between the arrival times at the detectors of two photons produced by a single annihilation event. High resolution measurement of this time difference would allow one to determine the precise location at which the annihilation occurred. In practice, limited timing resolution results in an uncertainty in this location, typically characterized by a convolution kernel which is used to weight the line integral along the line of response (LOR) when modeling TOF sinograms. Even with this uncertainty, TOF data increases SNR at matched image resolution compared to data without timing information (Tomitani 1981 , Moses 2003 , Harrison et al 2004 . The uncertainty in the TOF measurement
